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relation	happens.	This	can	be	written	like	this:	1"# = 	 #	'()*+,'-.),	./	',01/2' = 	 3	'()*+,3	',01/2 .	But	different	




























































































































































•48	MHz	Arm	Cortex	Processor	 	 	 	 Real	Time	Clock	 	 	 OR	
•256	KB	Flash	/	32	KB	RAM	 	 	 	 $8.95	 	 	 $99.65	
•3.3V	Operation	 	 	 	 	 	 	 	





















































































































































































































This	same	process	can	also	be	done	in	reverse	using	the	Inverse	Fourier	Transform:	B D = 	 3LM 	 ? @A FHI-KAJGJ 	which	returns	the	data	as	a	function	of	time	from	the	data	as	a	
magnitude	as	a	function	of	frequency.	There	is	also	a	method	by	which	each	of	the	Fourier	


















































0 5000 10000 15000 20000 25000 30000
Z	
Da
ta
Time	ms
MMA6m5bang
Figure	19:	(Top)	BNO	@	6m	(Bottom)	MMA	@	6m	
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that	the	five	strikes	on	the	metal	plate	are	present	in	the	pictures,	this	fact	became	less	clear	
when	I	noticed	that	there	are	in	fact	6	blips	in	the	photos.	I	cannot	ascertain	if	the	app	performs	
some	amount	of	overlap	for	each	photo	which	could	explain	one	of	the	blips	being	in	two	of	the	
individual	frames	of	the	photo	series.		
	 The	results	of	the	5	Bang	Test	series	confirm	that	my	geophones	are	capable	of	
detecting	a	hammer	induced	wave	with	the	equipment	that	I	arranged	together.	However	the	
amplitude	at	which	the	wave	is	detected	in	relation	to	all	of	the	background	noise	may	be	small	
because	of	the	timing	of	when	the	wave	is	detected	in	relation	to	the	sample	rate	of	my	
arrangement.	This	limits	the	feasibility	of	using	this	arrangement	for	exploration	seismology.		
	 	 	
Figure	20:	Paid	App	data	from	5	Bang	Test	
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Other	limiting	factors	that	I	encountered	included	ethernet	cable	length.	I	had	
purchased	a	new	25	foot	ethernet	cable	to	enable	my	equipment	setup	to	extend	over	a	
greater	range.	The	BNO	sensor	continued	to	function	properly,	but	the	MMA	sensor	would	not	
initiate	communication	with	the	microcontroller	and	caused	the	controller	to	reply	that	the	
sensor	was	not	present.	When	the	MMA	sensor	was	placed	on	a	16	foot	ethernet	cable	it	began	
to	function	correctly	again.	This	limitation	of	cable	length	is	not	clear,	but	is	presumablly	a	
shortcoming	of	the	low	3.3	voltage	that	the	microcontroller	operates	at.	The	MMA	is	capable	of	
5	volt	operation,	and	many	microcontrollers	also	operate	at	this	voltage.	Further	testing	would	
need	to	be	done	to	determine	if	this	is	the	cause	of	the	sensor	failing	while	conncted	to	a	25	
foot	ethernet	cable.	
Sample	rate	acquision	became	the	significant	factor	for	both	the	apps	and	the	
hardware.	The	maximum	sample	rate	for	the	app	is	100Hz	while	the	microcontroller	came	in	
around	300-400Hz.	Preferablly	the	sample	rate	would	be	1000Hz	or	1MHz	or	higher	for	
consistent	wave	detection.	This	could	be	achieved	with	faster	processing	controllers	or	a	
computer.	The	Raspberry	Pi	would	be	a	low	cost	replacement	at	$35	for	the	Pi	3	with	a	quad-
core	1.4	GHz	processor	or	Pi	Zero	at	$5	for	the	single-core	1	GHz	processor.	Further	testing	
would	need	to	be	done	to	determine	if	this	would	produce	an	arrangment	suitable	for	
exploration	seismology.	
This	brings	us	back	to	the	questions	I	originally	asked	that	initiated	this	research.		
Question:	“Could	apps	themselves	be	used	to	use	the	technology	in	smart	devices	for	
exploration	seismology.”		 	
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Answer:	Not	at	a	maximum	100Hz	sample	rate.	The	lack	of	a	trigger	also	makes	the	apps	
difficult	to	use	when	calculating	velocities	because	time	correlation	from	a	triggered	and	timed	
event	is	not	part	of	the	app.	
Question:	“Could	the	technology	in	smart	devices,	like	accelerometers	be	used	for	
exploration	seismology?”	
Answer:	Yes,	the	sensors	that	the	smartphone	industry	has	produced	are	capable	of	
being	used	for	this	purpose.	If	sample	rates	can	be	achieved	at	1Mhz	or	higher	while	
performing	filtering	functions	these	devices	would	make	great	geophones.	Even	operating	
without	the	filters	at	300-400Hz,	the	sensors	detected	waves.	These	results	can	be	further	
processed	as	outlined	in	this	paper,	but	would	be	improved	with	high	sample	rates	and	active	
filtering.	
The	budget	of	a	student	is	not	much,	but	in	this	case	it	was	enough	to	produce	useable	
results	from	a	low	cost	devices.	Analysis	of	the	results	determined	that	the	data	was	viable	and	
could	be	used	as	is,	but	require	further	processing	after	being	acquired.	The	act	of	asking	
questions	and	using	the	education	and	concepts	of	physics	and	geology	produced	scientific	
data.	In	the	process	of	conceiving	the	idea,	producing	a	plan	and	acquiring	data,	I	became	a	part	
of	science,	and	the	science	became	a	part	of	me.	This	research	study	may	have	come	to	a	
conclusion,	but	I	know	that	I	will	continue	to	think	upon	these	principles	of	science,	and	find	
answers	to	questions	that	the	science	also	posed	along	the	way.	 	
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